T HE INCREASING PREVAlence of obesity in the United States has been a concerning issue in recent decades. Interest is increasing in understanding the debilitating effects and disease risks associated with increased body fat percentage. Elevated body mass index (BMI) is associated with a number of medical comorbidities, including hypertension, diabetes mellitus, cardiovascular disease, and cancer. 1 The incidence and prevalence of thyroid cancer are also on the rise in the United States. 2, 3 Most of this increase is due to papillary thyroid cancer (PTC). 2 It is still debatable whether the cause of this in-crease is a result of enhanced risk of the development of cancer or an increase in detection capabilities in light of the new and more sensitive technology. 4 Regardless, thyroid cancer remains the most common endocrine cancer and is responsible for more deaths every year than all other endocrine malignant tumors combined. 4 Obesity is now recognized as a risk factor for a variety of cancers in patient populations around the world. Body mass index has been associated with esophageal adenocarcinoma, colon cancer, endometrial cancer, and renal cancer. 5 In addition, some studies [5] [6] [7] [8] [9] [10] have linked a higher BMI to an increased incidence of thyroid cancer in the United States, Korea, Norway, and French Polynesia.
Furthermore, increased BMI has also been linked to a more severe presentation and a higher risk of death from other types of cancers. Presentation of more advanced See Invited Critique at end of article stages of breast cancer has been attributed to certain racial groups, explained by obesity differences among the groups, as well as other factors. 11 In patients with prostate cancer, higher-grade cancers and a higher risk of recurrence after treatment have also been associated with obesity. 12 Excess body weight has been shown to be associated with a higher mortality risk from all cancers combined. 13 An association between higher BMI and more aggressive or later-stage cancer has never been shown with PTC. We conducted this study to address the association of increasing BMI with PTC stage at presentation, the presence of aggressive malignant features, and adverse surgical outcomes.
METHODS
We reviewed the medical records of all patients older than 18 years who underwent total thyroidectomy as an initial procedure for PTC or its variants from January 1, 2004 , through March 31, 2011 , at a single tertiary referral center. These patients were identified using the UCLA Cancer Registry and UCLA Financial Services databases. We excluded patients who had missing data, underwent less than a total thyroidectomy as the initial procedure, underwent concomitant parathyroid disease or parathyroid operations, and/or had other types of thyroid cancer. Patients with missing data were evenly spread throughout BMI groups.
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes were used to identify all patients with PTC, as well as their subtype and variants. For inpatient cases only (n=363), the ICD-9-CM codes were also used to define surgical complications, according to coding previously applied in other studies and adding codes that are specific to thyroid surgery. 14 A complete list of ICD-9 coding for diagnosis complications is given in Table 1 . The number of complications were tallied to create summary scores. For some analyses, complications were dichotomized into absent (0) or present (1) categories. Medical complications and comorbidities were grossly undercoded and therefore not used in this study. Of note, our surgeons do not routinely perform preoperative and/or postoperative laryngoscopy. American Society of Anesthesiologists (ASA) class was taken from anesthesia records. Staging was performed by applying American Joint Committee on Cancer (AJCC) criteria. This information was supplied by the UCLA Cancer Registry.
We set power at 80% with a 2-sided ␣ of .05 to estimate the sample size needed for a logistic regression, with an expected odds ratio (OR) range of 1.52 to 2.23. 5 The effect size was based on the expected association between BMI and thyroid cancer. With these parameters, a minimum sample size of 196 patients would be required. With the same power and 2-sided ␣ values, we also calculated that a sample size of 434 patients would be needed to detect a 3% complication rate if 5 or fewer predictors were used in multivariable analyses. Power analyses were calculated using GPower 3.1.0 software (Franz Faul, Universitat Kiel). 15 Body mass index was calculated as weight in kilograms divided by height in meters squared. Patients were organized into 4 BMI groups: normal (18.5-24.9), overweight (25-29.9), obese (30-39.9), and morbidly obese (Ն40). Histopathologic subtype was separated into 4 groups: papillary, papillary with follicular variant, papillary microcarcinoma, or other (hyalinizing, tall cell, or sclerosing). Surgical time was defined as the time from incision to closure. Anesthesia induction time was defined as anesthesia start time to surgical incision time.
Univariate analyses, including 2 test or 1-way analysis of variance, were conducted to study differences in BMI by demo-graphic or clinical factors. Multivariable regression analyses were applied to control for the influence of cofactors that affect outcomes, such as surgical time or length of hospital stay. Body mass index was the main predictor in all analyses. The main outcome measures studied were disease stage at presentation, histologic subtype, duration of anesthetic induction and extubation, duration of surgery, surgical complications, length of stay, and ASA class. All analyses were conducted using Stata/SE v.11 statistical software (StataCorp). The research protocol was approved by the UCLA institutional review board.
RESULTS
Of 551 patients, 443 patients were included in the final analysis. Table 2 lists the demographic information. Mean age was 48.2 years (range, 18-93 years). Normalweight patients were slightly younger than patients in the other BMI categories (PϽ .001). Although women represent most cases overall, men were more overweight and obese than females in this cohort (P Ͻ .001). African Americans were more obese and morbidly obese than other races (PϽ .001). A higher frequency of ASA class 3 was represented in the obese and morbidly obese categories (P Ͻ.001).
Greater BMI was associated with more advanced disease stage at presentation (P=.04) ( Table 3) . Specifically, the obese and morbidly obese categories presented more as stage III or IV disease. No difference was found in overall subtype of papillary cancer histologic subtype among BMI groups as defined in the "Methods" section. However, in a subgroup analysis, a significant increase was found in the percentage of the more aggressive subtype of tall cell variant of PTC in the obese and morbidly obese categories compared with the normal weight and overweight categories (P=.03). No association was found between those with tall cell variant and age in this cohort (P=.62). A trend was also seen toward greater tumor size in patients with increasing BMI.
Patients did not demonstrate any association between total surgical complication rates and BMI groups ( Table 4 ). However, those in the obese BMI group had significantly more recurrent laryngeal nerve dysfunction (10 [12.2%]) than those in the normal weight (2 [2.0%]) and overweight (3 [2.6%]) categories ( 2 test P=.001). Most of this dysfunction was due to presentation with preoperative vocal cord dysfunction with more advanced local disease. Obese BMI (n = 9) was associated with more preoperative vocal cord paralysis due to local invasion (OR, 9.2; 95% CI, 1.9-43.9; P=.001) when compared with normal-weight individuals (n=2). These preoperative paralyses were not included in the number of surgical complications in Table 4 . No difference was found among the BMI groups in complications related to wound infection, bleeding (n = 5), hypocalcemia (n=16), respiratory issues, and/or reintubation rates. However, the number of patients was underpowered to detect a less than 3% complication rate.
Increasing BMI was a significant predictor of longer length of stay on univariate and multivariable analyses ( Table 4 , P = .004). On multivariable analysis, controlling for surgeon and ASA class, only the obese BMI class was associated with increased length of stay (P=.001).
In univariate analysis, morbidly obese patients had a significantly longer anesthesia induction time (mean,43.1 minutes; PϽ.001) compared with other groups. A trend was also seen toward longer extubation times with increasing BMI. In both univariate and multivariable analy-ses (controlling for surgeon and AJCC stage), a trend was seen toward longer total surgical times associated with increasing BMI (Table 4 ).
In the entire cohort, higher BMI was a significant predictor of presenting with either stage III or IV dis- When analyzing only those older than 45 years (n = 256), the morbidly obese group remained significantly associated with later-stage disease (OR, 3.66; 95% CI, 1.24-10.24). When analyzing only those younger than 45 years (n=187) in their presentation of either stage I or II disease, no patients presented with stage II disease. In addition, in this younger cohort, significantly more ARCH SURG/ VOL 147 (NO. 9), SEP 2012 patients had lymph node involvement than in the older cohort (19.8% vs 9.7%, P=.003). However, in the younger cohort, no significant association was found between BMI and lymph node status or T3/T4 status. When analyzing only women, the morbidly obese group remained significantly associated with later-stage disease (OR, 3.09; 95% CI, 1.11-8.57). A similar trend was also seen in men (morbidly obese: OR, 6.5; P=.06); however, the group was underpowered to detect a difference (n=120).
COMMENT
Our study shows that those patients with increasing BMI have a progressively increasing risk in presenting with late-stage PTC ( Table 5 ). This finding is especially seen in the obese and morbidly obese populations.
It has been shown that thyroid cancer has an increased incidence in the obese population. 8, 9, 16 Our study is novel in that it assesses the risk of presenting with both aggressive and disseminated disease. In addition, this study was performed in a multiethnic population with a large sample size. Paes et al 17 performed a study in a predominately white population to assess the relationship between obesity and thyroid cancer pathologic subtype and stage. Their study was unable to show any significant trends or associations.
However, this study, we believe, was most likely underpowered (n=250).
We believe that the cause of this increase in aggressive PTC behavior in the overweight and obese population could be multifactorial. It may be explained by both delayed detection and a possible biological or physiologic cause, as has been postulated in other cancers. As noted in the introduction, increased BMI has been linked to a more severe presentation and a higher risk of death from other types of cancers. Presentation of more advanced stages of breast cancer has been partially explained by obesity differences among the groups, as well as other factors. 11 Higher-grade prostate cancer and a higher risk of recurrence in these patients after treatment have also been associated with obesity. 12 It has also been shown that excess body weight is associated with a higher mortality risk from all cancers combined. 13 To investigate the possible biological causes of more aggressive PTC tumor types in the obese population, we measured the prevalence of PTC tumors with more aggressive tall cell variant within the 4 groups. We found that the obese and morbidly obese groups presented with a higher prevalence of PTC tall cell variant ( Table 3 ), suggesting that these groups have a higher risk of more aggressive tumor types. This association was seen regardless of age. Other studies 8, 17 have suggested there was no difference in histologic PTC subtype associated with obesity. However, one of these studies 8 did not assess specifically the tall cell variant. The other study 17 was also likely underpowered to detect a difference. In addition, we showed that obese patients were more likely to present with preoperative vocal cord paralysis due to locally advanced disease. One limitation to this finding, however, is that our surgeons do not routinely perform preoperative and/or postoperative laryngoscopy. Thus, the denominator for the number of postoperative vocal cord paralyses is not truly known.
Other groups have also noted an increase in certain obesity biomarkers that are linked with cancer. For example, leptin, an adipocyte-derived cytokine, has been shown to be involved in cancer development and progression. 16 Hedayati et al 18 recently found that there are higher leptin levels in patients with PTC compared with healthy individuals. Cheng et al 16 also demonstrated that PTCs expressing leptin receptors and/or leptin have a higher incidence of lymph node metastasis.
Another plausible biological link between obesity and thyroid cancer may be through diabetes. It is well known that obesity is linked to diabetes. Recently, a study 19 of 500 000 patients from the National Institute of Health-AARP Diet and Heath study showed an increased risk of PTC in women with diabetes (hazard ratio of 1.25). Because medical comorbidities, especially the prevalence of diabetes, were undercoded in our cohort, we could not assess this relationship.
Exclusion of microcarcinomas from our analysis led to an accentuated association between advanced stage and obesity. This association is likely attributable to the omission of a subset of patients with stage I disease who were overrepresented among the obese patients. Excluding tall cell variants from our analysis revealed a persistent increased risk in the morbidly obese category but eliminated the risk in the other categories. This finding suggests that factors other than cancer subtype may also explain the link between obesity and presenting with laterstage thyroid cancer.
One factor to consider in this population, other than a potential physiologic link between obesity and disease aggressiveness, is a delay in diagnosis, which may arise from difficulty in detecting thyroid nodules when examining the obese neck. To investigate this in the obese population, we measured the primary tumor size among the groups (Table 3) . Although there was a trend toward greater tumor size with increasing BMI, the variance was too great and no statistical difference was observed.
Studies 8, 10 have shown an increase in the incidence of thyroid cancer in obese women. Our study also showed that morbidly obese women have a significantly higher presentation of late-stage disease compared with normalweight individuals. This finding was not corroborated in men, although this group was likely underpowered to detect a difference (n = 120).
The rarity of adverse events after total thyroidectomy for cancer limited our ability to assess the full range of potential complications with adequate statistical power.
However, we found a significant increase in preoperative recurrent laryngeal nerve dysfunction associated with obesity. This finding was mostly due to more locally aggressive and invasive disease. A recent National Surgical Quality Improvement study 20 of 26 000 patients undergoing thyroidectomy also suggested an increase in morbidity due to obesity.
We found that increasing BMI was a significant predictor of increased length of stay and anesthesia induction times. This finding suggests that obese patients consume additional hospital resources during thyroid cancer treatment.
Given our findings, we believe that obese patients are at a higher risk of developing aggressive thyroid cancers and thus should be screened for thyroid cancer by sonography, which has been shown to be more sensitive in detecting thyroid cancer than physical examination alone. 21 Patients more likely to benefit from screening are those who are overweight, obese, or morbidly obese and those older than 45 years, who, by AJCC stage definition, have a higher risk of stage III or IV disease. Our recommendation mirrors a similar proposal for breast cancer screening, where studies 22 have suggested that a more vigilant mammogram screening regimen should be instituted for obese patients. 
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Thyroid Cancer Operations for Obese Patients
The Bad News and the Good News H arari and colleagues 1 from UCLA (University of California, Los Angeles) showed us one more reason to be concerned about the current obesity epidemic-obese patients have more advanced thyroid cancer. The incidence of thyroid cancer has increased in the United States during the past several decades. The reason for this increase is partially earlier diagnosis and partially some as-yetunidentified environmental risks (radiation perhaps?). This parallel increase in the rates of obesity and thyroid cancer is intriguing, but without a much larger population study, we cannot determine whether obesity causes thyroid cancer. However, the authors found that higher body mass index is associated with a later stage of thyroid cancer.
Why would obesity be associated with more advanced stage of cancer? One obvious answer would be an overall delay in the diagnosis of thyroid cancer because of obesity, which can cause a more difficult physical examination and/or less appropriate medical care. This delay would then select the more advanced cancer to present in the more obese patients. The concern of delay in diagnosis is what leads the authors to conclude with a recommendation to routinely screen obese patients for thyroid cancer. However, this hypothesis of delay in the diagnosis in obese patients is contradicted by the findings of a higher proportion of obese patients having micropapillary cancer (20%-30% instead of 5% having tumors smaller than 1 cm).
Thus, delay in diagnosis is likely not the answer, or at least not the only answer.
An alternative explanation is that the biology of obesity somehow increases the risk and severity of cancer, such as in patients with breast cancer. There is recent literature implicating the role of leptin and insulinlike growth factor in the obesity-cancer relationship. 2 One may speculate that the risk of higherstage thyroid cancer in obese patients is related to an increase in insulin or insulinlike growth factor in obesity.
Obese patients also pose technical and clinical challenges to the surgeons. Some findings in this study are not surprising, including the longer anesthesia and operation time needed for obese patients. What is somewhat surprising is the lack of increase in surgical complications in obese patients. The higher rate of recurrent laryngeal nerve palsy (12%) in obese patients is explained by the invasion of recurrent laryngeal nerve by advanced cancer before the operation. There is no increase in the obese patients for other complications, such as deep venous thrombosis, pneumonia, respiratory distress, and urinary tract infection, as one would have expected. The overall low complication rates of thyroidectomy may have prevented the detection of a small difference (a type II error). It is also possible that the use of International Classification of Diseases, Ninth Revision codes to define complications instead of full medical record ARCH SURG/ VOL 147 (NO. 9), SEP 2012
